Introduction
Spondyloarthritis (SpA) comprises a group of inter-related inflammatory diseases that share a genetic background and have overlapping clinical features [1] . Ankylosing spondylitis (AS) and psoriatic arthritis (PsA) represent the main members of this group. Bacterial infections of the gastrointestinal or genitourinary tracts are relevant triggers of SpA, and, importantly, intracellular bacteria may spread the infection to other anatomical locations [2] . Inflammation develops in various joints of the body (spinal, sacroiliac, peripheral), paraspinal tissues, and entheses. Erosive bone damage is associated with pathological bone remodelling manifested by bone spur and bridge formation leading to severe disability [3] . Extra-articular manifestations, especially intestinal inflammation, are common in SpA. In 40-60% of AS and 46% of early SpA patients gut inflammation, verified by endoscopic and histological examination, is present, and 5-10% of them eventually develop inflammatory bowel disease (IBD), more often Crohn's disease than ulcerative colitis [4] [5] [6] . The aetiopathogenesis of IBD in SpA is poorly understood. It is suggested that aberrant homeostasis of gut-associated lymphoid tissue (GALT), abnormalities in the composition of gut microbiota, and/or loss of tolerance to its physiological components may critically contribute to the development of this complication [7] [8] [9] . In addition, medications used to treat inflammatory joint disease, especially nonsteroidal anti-inflammatory drugs (NSAIDs), may adversely affect the bowel disease and trigger drug-induced enteropathy [10] . Accumulating evidence point to the bowel as an active player in the immunological processes typical of SpA, and there is a need to search for useful biomarkers and predictors of intestinal symptoms in this disease [9] .
We hypothesised that the immune status and the levels of gut inflammation biomarkers in biological material might discriminate between SpA patients with and with-out intestinal symptoms. To verify this assumption, the concentrations of: 1) various cytokines implicated in SpA pathogenesis (i.e. in inflammation and aberrant bone homeostasis) [3, 9] and 2) select proteins, intestinal fatty acid binding protein (iFABP), claudin 3 (CLDN3), and calprotectin (CALP), as proposed biomarkers of gut inflammation in acute and chronic pathological conditions [11, 12] , were measured in biological material (sera, urine, stool) of the above patient cohort and control healthy volunteers.
Material and methods

Patients and controls
In this cross-sectional study, 29 patients with the diagnosis of SpA according to the Assessment of SpondyloArthritis International Society (ASAS) criteria [13] and 33 healthy volunteers of similar age were included in the study (Table 1) . Although there was a higher proportion of men among the patients than among healthy volunteers, Samples of peripheral blood, urine, and stool were collected in the morning. Serum was isolated by routine laboratory methods, urine was centrifuged for 20 min at 1000 g, and supernatant was collected. After preparation, samples of serum, urine, and stool were stored in aliquot at -70 o C until assayed. Before testing, the faecal extracts were prepared using an extraction device (CALPRO AS, Norway) and according to the manufacturer's description.
Enzyme-linked immunosorbent assay (ELISA)
The concentrations of tested factors in collected samples were measured using commercially available ELISA kits specific for: 1) interleukin (IL)-10, IL-17 A/F, IL-23, and tumour necrosis factor (TNF) (all from eBioScience, an Affymetrix Company, San Diego, CA, USA), 2) IL-22 (Abcam, Cambridge, UK), 3) dickkopf-1 (DKK-1) (R&D Systems, Minneapolis, MN, USA), 4) calprotectin (CAL-PRO AS, Norway), 5) CLDN 3 (My BioSource, Inc., San Diego, CA, USA), and 6) iFABP (Hycult Biotech, Uden, the Netherlands). The above assays were performed according to the manufacturer's protocols. The ELISA for osteoprotegerin (OPG) was done using recombinant human OPG as a standard and antibodies specific for human OPG (all from R&D Systems). Briefly, mouse monoclonal antibody was used as the capture antibody while goat polyclonal biotinylated antibody was applied as the detection antibody. Streptavidin-peroxidase conjugate (Jackson ImmunoResearch Laboratories, West Grove, PA, USA) followed by o-phenylenediamine dihydrochloride (OPD) (Sigma, ) was added to develop the enzymatic reaction.
The concentrations of CALP were determined in faecal samples, CLDN3 in both sera and urine samples, and others in sera samples only.
Statistical analysis
Data were analysed using Statistica 10 software (StatSoft Inc., OK, USA). The Mann-Whitney U test was used for intergroup comparison. Correlation was assessed using Spearman's rank test (R value is shown). Univariate logistic regression analysis was used to calculate the odds ratio (OR) and identify risk factor(s) for intestinal symptoms. To perform this analysis, the independent predictor variable was split into categories based on quartiles. The p-values < 0.05 were considered significant.
Results
General characteristics, and laboratory and immune parameters of the study population are shown in Table 1 .
Faecal concentration of calprotectin discriminates between spondyloarthritis patients and healthy volunteers
As shown in Table 1 , there were no significant differences in serum concentrations of tested cytokines between the total SpA patient group and healthy volunteers. Among the gut inflammation-associated biomarkers, only faecal concentrations of CALP were significantly up-regulated in SpA patients, while the levels of serum iFABP as well as serum and urine CLDN3 were similar both in SpA patients and healthy donors.
Spondyloarthritis patients with intestinal symptoms are characterised by more pronounced systemic inflammation and raised serum DKK-1 concentration
A comparison of demographic and clinical characteristics of SpA patient groups with and without intestinal symptoms failed to disclose any significant differences between them in age, sex, disease duration, disease activity, and medications. Also, serum concentrations of pro-inflammatory cytokines (TNF, interleukins of IL-17/IL-23 axis) and anti-inflammatory IL-10 were comparable in both patient groups (Table 2) . However, for the SpA group with intestinal symptoms a slightly higher level of systemic inflammation was characteristic, as indicated by elevation of ESR ( Table 2 , Fig. 1 ), as well as less pronounced differences in CRP (Table 2) values. In addition, in this patient group serum DKK-1 (but not OPG) and consequently the DKK-1/OPG ratio were significantly higher than in patients without gut involvement (Fig. 1, Table 2 ). Similar significant differences were noted when the SpA patients with intestinal symptoms were compared to healthy volunteers (for serum DKK-1 and DKK-1/OPG ratio p values = 0.001 and 0.04, respectively; data not shown). Interestingly, as depicted in Figure 2 , in the total SpA group serum DKK-1 concentrations positively and strongly correlated with the systemic inflammation markers (ESR and CRP). In addition, there was positive but rather moderate correlation between serum levels of DKK-1 and pro-inflammatory IL-17 A/F. Moreover, DKK-1 turned out to be rather poorly associated with the presence of intestinal symptoms (OR = 1.001; Table 3 ). Thus, it is likely that up-regulation of DKK-1 in the SpA group with intestinal symptoms is a consequence of the higher level of systemic inflammatory response characteristic for these patients.
Higher concentration of serum claudin 3 in spondyloarthritis patients is associated with the presence of intestinal symptoms
Comparison of both patient groups regarding the levels of gut inflammation-associated biomarkers revealed significant elevation of serum CLDN3 in SpA patients with intestinal symptoms (Fig. 1) . Importantly, serum concentrations of CLDN3 turned out to be an independent association factor for intestinal symptoms in SpA patients. Based on the regression analysis, we found that although in the total SpA group this factor only slightly elevated the risk of intestinal disorders (OR = 1.125), every quantitative increase of serum CLDN3 from one to the next quartile category was associated with several-fold higher (OR = 4.5) risk of this complication (Table 3 ). In addition, serum concentrations of CLDN3 positively, albeit rather weakly, correlated with the number of intestinal symptoms (Fig. 2) . As shown in Figure 1 , there was also a trend towards elevation of serum iFABP, but the differences did not reach statistical significance (p = 0.1). By contrast, the faecal concentration of CALP was similar in both patient groups.
Discussion
The present study failed to show significant differences in serum concentrations of tested cytokines between the total group of SpA patients and healthy volunteers. The possible explanations are clinical heterogeneity and limited sample size of the patient group ( both in the joint-associated tissues and in the gut, and they are thought to play an important role in the pathogenesis of SpA [9, 14] . However, their overexpression in inflamed tissues (intestine, entheses, synovial tissues and fluids), an inconsistency in quantitative assessment of their serum levels (higher than or the same as in healthy controls), and conflicting results when searching for an association between their circulating pool and clinical data (e.g. existence or lack of correlation with disease activity) point to these cytokines acting primarily in restricted anatomical locations [15] [16] [17] [18] [19] . From among tested biomarkers of gut-inflammation only the faecal concentration of CALP differentiated between SpA patients and healthy control (Table 1) . Calprotectin is a heterodimer formed by S100A8 and S100A9 proteins, produced at the site of inflammation by activated leukocytes (monocytes and neutrophils) during their interaction with activated endothelium. Elevated circulating CALP concentrations, often correlated with laboratory variables of inflammation, clinical disease activity, and treatment response, have been found in numerous chronic inflammatory diseases, including rheumatic diseases (RD) and IBD [20] [21] [22] . Faecal CALP is an unspecific marker of gut inflammation, reflecting the level of intestinal neutrophil infiltration [23] . In SpA patients it was reported to be associated with age, acute phase reactants, disease duration, and clinical activity but not with gastrointestinal symptoms [24] . Recently, however, elevated faecal CALP has been proposed as a biomarker of SpA patients with concomitant bowel inflammation and the main predictor of IBD development [25] [26] [27] . Unfortunately, in the present study, despite up-regulation of faecal CALP in SpA patients compared to the healthy controls, we failed to find such association. Because all our patients were treated with NSAIDs, it is likely that these drugs triggered CALP release from immune cells and thus elevated this protein concentration in stool samples (Table 1) . Moreover, when we used the manufacturer's recommended cut-off value for positivity (50 mg/kg), stool samples of none of healthy volunteers and only six SpA patients (20.7%) were positive for faecal CALP. Of these only three patients reported intestinal symptoms, and therefore truly CALP-positive patients were included into both SpA subgroups. Consequently, we failed to show significant differences in faecal CALP levels between SpA patients with and without intestinal symptoms (Fig. 1) . Despite the limitations of our categorisation method (not supported by an endoscopic evaluation), these patient subgroups differed in the ESR value, serum DKK-1, and claudin 3 concentrations, which were significantly higher in SpA patients with intestinal symptoms (Fig. 1) . Dickkopf-1, an inhibitor of osteoblastogenesis and master regulator of bone homeostasis, shifts the balance toward new bone formation when its expression is decreased, or toward bone erosion when it is overexpressed [28] . In SpA, a prototype bone-forming disease, assessment of serum DKK-1 levels has yielded conflicting results. A recent study that included a large cohort (> 700) of early axial SpA patients has given convincing support of significant serum DKK-1 increase compared to healthy controls [29] . Despite overexpression, this inhibitor is dysfunctional and thus facilitates pathological rebuilding of bone in SpA [30] . Intriguingly, in patients with axial SpA the degree of sacroiliac joint inflammation was reported to be linked to gut inflammation [31] . Moreover, accumulating evidence shows that in these patients, serum DKK-1 concentrations are related not only to syndesmophyte formation but also to systemic inflammation [29, 32] . The present results, showing positive correlation between serum DKK-1 levels and classical biomarkers of systemic inflammation (ESR, CRP), are consistent with these observations (Fig. 2) . In addition, we found significant but weaker association between serum DKK-1 and IL-17 A/F levels (Fig. 2) . This, in turn, is in line with known function of proinflammatory cytokines, including IL-17 and TNF, which, at least in vitro, work in synergy as potent triggers of DKK-1 production [33] . As mentioned before, in SpA cytokines of the IL-17/IL-23 axis are thought to act primarily in specific anatomical locations and thus are not sensitive systemic inflammation markers [15] [16] [17] [18] [19] . This explains both the lack of difference in IL-17 A/F serum levels between patients with and without intestinal symptoms and the weaker association of this cytokine with DKK-1 observed in our study. Altogether, the above results suggest that elevation of serum DKK-1 in SpA patients with intestinal symptoms reflects a higher level of systemic inflammation than direct association with the presence of gut complications (Fig. 2,  Table 3 ).
Importantly, the present results point to serum CLDN3 as an independent risk factor for intestinal symptoms, distinguishing SpA with gut involvement from SpA without this complication, which also correlates with the number of intestinal symptoms (Table 3 , Figs. 1 and 2) . Claudins are essential components of epithelial tight junctions (TJs). TJs regulate the flux of ions and solutes, and maintain the integrity of epithelial barrier. In the intestine all epithelial cells are joined in this manner. Claudins function as "leaky" pore-forming or "tight" pore-sealing proteins. Claudin-3 is a "tight" protein that plays a barrier function. It is found in many different epithelia including the gastrointestinal tract where it is highly expressed, especially in the colon [34] [35] [36] . In the intestinal inflammatory disorders abnormalities of claudins expression, that modify epithelial homeostasis and barrier function, have been observed. In active ulcerative colitis expression of CLDN3 in the gut is either unaffected or reduced and is accompanied by an increase of its urinary concentrations [35, 36] . Similarly, in Crohn's and celiac diseases reduced intestinal CLDN3 expression has been reported to be associated with alterations in TJ ultrastructure, which normalise under treatment [36, 37] . Based on data from both experimental and clinical settings, it is suggested that measurement of urinary CLDN3 by Western blotting technique can be used as a non-invasive marker for intestinal TJ loss [38] . We applied the ELISA technique for this purpose. In contrast to the above data concerning IBD patients, we found comparable and negligible amounts of CLDN3 in urine but quite high concentrations of this protein in the sera of both healthy volunteers and SpA patients (Table 1) . Based on the urine CLDN3 levels, it is tempting to speculate that our SpA patients have generally preserved function of intestinal TJs. However, our finding of significantly higher serum concentrations of CLDN3 in SpA patients with intestinal symptoms than in those without such complication questions the above supposition (Fig. 1) . Accumulating evidence shows that the dysregulation of the claudin circulating pool occurs in different pathological conditions, suggesting that proteins of this family might represent potential blood-borne biomarkers of diagnostic and/or prognostic value [39] [40] [41] . For example, the presence of CLDN3 in exosomes released by prostate cancer cells and elevated plasma CLDN3 concentrations in men suffering from prostate cancer have recently been reported [42] . Moreover, plasma CLDN3 has been proposed as a putative prognostic biomarker associated with more aggressive prostate cancer, predictive of disease progression. The evaluation of circulating claudins in SpA patients has not been done so far. Because CLDN3 is expressed in different epithelia, it is probable that not only impaired gut epithelia supply the circulating pool in our SpA patients. However, our further observations suggest that this is not the case because we found that serum CLDN3 is not only an independent risk factor for intestinal symptoms (Table 3 ) but also correlates with the intensity of this complication (Fig. 2) . Our observation is in accordance with a recent report showing that bacterial ileitis and damage of intestinal mucosal barrier, present in the majority (70%) of AS patients, are associated with increased blood levels of zonulin, a protein that modulates the permeability of epithelial TJs of the digestive tract [43] . In addition, we observed a trend for the elevation of serum iFABP levels in SpA patients with intestinal symptoms compared to patients without any signs of gut involvement (Fig. 1) . Intestinal FABP is a small (14-15 kDa) protein, which in humans is expressed solely in enterocytes of intestinal epithelium, more of the villus than of the crypts, constituting up to 2% of cytoplasmic content of these cells. It is present throughout the small intestine, and its highest expression is in the jejunum. The physiological role of iFABP is to take up fatty acids from the lumen of the intestine and to traffic them within enterocytes to organelles [44, 45] . The level of circulating iFABP in healthy individuals is low, reflecting normal turnover of enterocytes, but upon loss of membrane integrity of these cells iFABP is released into the circulation [45] . Because of its low molecular weight, iFABP, similarly to CLDN3, can pass through the glomerular filter and arise in the urine. Significantly elevated plasma/serum and urine concentrations of iFABP have been found in patients with gut-related pathology, e.g. in intestinal ischaemia, celiac disease, ulcerative colitis, or necrotising enterocolitis [45] [46] [47] [48] . Therefore, the measurement of both circulating and urine iFABP levels is thought to represent a non-invasive method for assessment of early intestinal damage in various pathological conditions characterised by continuous, villus mucosal damage that does not extend to the muscle layers [11, 12, 48] .
Conclusions
We report for the first time that SpA patients with intestinal symptoms are characterised by more intense systemic inflammation, accompanied by elevation of circulating DKK-1, an inhibitor of osteoclastogenesis, as well as by up-regulated serum level of CLDN3, an essential component of epithelial TJs. Moreover, in SpA patients we found serum CLDN3 to be an independent risk factor for intestinal symptoms. Based on the known biological role of DKK-1 and CLDN3, it can be assumed that in SpA patients with reported intestinal symptoms the bone homeostasis is more disturbed and that there is discrete damage of intestinal epithelium. However, due to the small sample size and the subjective method of intestinal symptom evaluation, the present results should be regarded as preliminary.
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